Incompatibility group P-1 (IncP-1) plasmids encode backbone modules for replication, stable inheritance, and conjugation plus DNA transfer, as well as accessory modules conferring environmental adaptations (5) . Five IncP-1 subgroups (␣, ␤, ␥, ␦, and ε) have been described previously (2, 8, 17, 20) . Recently, an IncP-1 plasmid (pXF-RIV11; GenBank accession no. GU938457) from the plant-pathogenic bacterium Xylella fastidiosa was characterized (22) and shown to be related to pVEIS01 (GenBank accession no. CP000543) from the earthworm symbiont Verminephrobacter eiseniae (16) . Neither has been assigned to a subgroup, as the gene complements and organizations of pXF-RIV11 and pVEIS01 are sufficiently different from those of other IncP-1 plasmids.
The IncP-1 replication module consists of trfA, encoding a replication initiator protein (TrfA), and the origin of replication (oriV) (1, 15, 21) . As TrfA is the only plasmid-encoded protein required for replication, all IncP-1 plasmids bear trfA. Thus, divergence among TrfA homologues may be informative with respect to evolutionary history and subgroup classification (2, 8) . Here, we examine TrfA phylogeny to determine the relationships of pXF-RIV11 and pVEIS01 with IncP-1 plasmids from a wide variety of bacteria.
The pXF-RIV11 TrfA sequence was used as a query in BLAST searches of the GenBank protein database. Subjects returned (Table 1) included TrfA from established members of the five subgroups and numerous homologues not assigned to a subgroup. TrfA amino acid sequences were aligned, and neighbor-joining analysis was performed using Clustal X (10) . Eighteen unclassified TrfA sequences (including pXF-RIV11 and pVEIS01) formed a clade sharing a most recent common ancestor with TrfA of pQKH54, the archetype and sole recognized member of subgroup ␥ (7) , in what is referred to here as the ␥-(expanded) subgroup ( Fig.  1 ). Whereas the diversity of TrfA within subgroups ␣, ␤, ␦, and ε was limited, genetic distances among homologues clustering with TrfA of pQKH54 were substantially greater, as indicated by branch lengths (Fig. 1 ).
Bahl et al. (2) suggested that the known diversity of IncP-1 plasmids could be skewed by discovery methods, especially those based on accessory module phenotype (11, 24) . Metagenomic analyses and mating trapping strategies have yielded IncP-1 sequences from environmental samples (2, 3, 9, 18, 19, 23) . However, trapping strategies may be biased, as assays requiring plasmid mobilization limit discovery to those able to propagate in experimental hosts. Metagenomic methods lack phenotypic biases described above, as exemplified by PCR amplification of trfA sequences representing all five subgroups from total community DNA isolated from wastewater (2) . Nonetheless, PCR-based methods are biased due to primer design (26) . To illustrate this last point, all three primer sets employed by Bahl et al. (2) shared limited sequence in common with pXF-RIV11 trfA such that sequences of ␥-(expanded) subgroup plasmids would not have been amplified.
It is remarkable that 17 of 18 TrfA homologues belonging to subgroup ␥-(expanded) were discovered by genome sequencing projects (4, 13, 16, 25) . The 18th (pXF-RIV11) was discovered by direct extraction from cultured bacteria without selection for phenotype (22) . As discovery by genome sequencing projects is not based on the specific genotype/phenotype of resident plasmids associated with a bacterial genome, this newly recognized diversity of TrfA suggests that mating trapping strategies and metagenomic surveys were biased against discovery of subgroup ␥-(expanded) plasmids.
Genes for four TrfA homologues are integrated into chromosomes of their respective hosts (Table 1 ). This observation, coupled with the lack of functional analyses for most plasmid-borne TrfA homologues of subgroup ␥-(expanded), raises the question as to whether these divergent homologues initiate plasmid replication. To partially address this question, plasmids containing the minimal IncP-1 replication module of pXF-RIV11 or pVEIS01 inserted into the Escherichia coli cloning vector pCR2.1 were constructed (12) . Replication in E. coli was driven by the pCR2.1 ori. Replication in X. fastidiosa strain Temecula1 was driven by inserted IncP-1 replication modules; both trfA and oriV were required.
As TrfA homologues encoded by pXF-RIV11 (YP_003603482) and pVEIS01 (YP_980135) share 87% amino acid identity, the two replication initiator proteins may be functionally interchangeable. To test this hypothesis, plasmids containing cognate or heterologous combinations of trfA and oriV were constructed and tested for replication in X. fastidiosa (Fig. 2) . Constructs bearing cognate replication elements of pXF-RIV11 (pXF-S-XF) or pVEIS01 (pVE-S-VE) contained an inserted SalI site (to facilitate replication element exchange) between the trfA stop codon and cognate oriV. Constructs bearing heterologous replication elements contained trfA from pXF-RIV11 and oriV from pVEIS01 (pXF-S-VE) or trfA from pVEIS01 and oriV from pXF-RIV11 (pVE-S-XF). The pemI/pemK addiction system of pXF-RIV11 (12) was present on all constructs to confer stable inheritance in X. fastidiosa.
Plasmids purified from E. coli JM109 were used to transform X. fastidiosa strain Temecula1 by electroporation (14) . Plasmid pUCLAa (6) was used as a positive control; no DNA was used as a negative control. X. fastidiosa transformants were selected on PD3 medium containing 5 g/ml kanamycin (22) . Transformants (four per construct) were picked and grown for 10 to 14 days in liquid PD3 medium containing 5 g/ml kanamycin. Plasmid DNA extracted from subcultured X. fastidiosa transformants (22) was used to transform E. coli.
Heterologous combinations of replication elements derived from pXF-RIV11 and pVEIS01 were competent for replication in X. fastidiosa (Fig. 2) . Samples of the original plasmids used to transform X. fastidiosa and samples of plasmids rescued from X. fastidiosa by transformation of E. coli were digested with restriction enzymes to generate fragments that differed in size, depending upon whether IncP-1 replication elements were derived from pXF-RIV11 or from pVEIS01. These results indicated that specificity determinants of TrfA for oriV recognition were conserved and that consensus sequence differences (22) in oriV-iterated ele-ments of pXF-RIV11 (TTACCGTCGCAGCATCCT) and pVEIS01 (TTACCGTCGTAGCATCCGC) did not prevent recognition by the heterologous TrfA. Modified plasmids bearing cognate combinations of trfA and oriV (pXF-S-XF and pVE-S-VE) replicated in X. fastidiosa (Fig. 2) , demonstrating that alteration of spacing (SalI site insertion) between replication elements was tolerated. Although trfA and Presented is a neighbor joining tree (1,000 bootstrap iterations) based on alignment of TrfA amino acid sequences. Taxa are indicated at branch tips by the IncP-1 plasmid name (or bacterial species name if trfA was integrated into the host chromosome) followed by the GenBank protein accession number in parentheses. Branches and taxa previously assigned to IncP-1 subgroups ␣, ␤, ␥, ␦, and ε are color coded. Eighteen taxa included in subgroup ␥-(expanded) are designated on the right. Numbers along branches indicate bootstrap support of distal node; nodes with Ͼ60% bootstrap support were collapsed to polytomies; the bar at lower right corresponds to a genetic distance of 0.1. The colored box denotes taxa used to construct minimal replicons bearing cognate or heterologous IncP-1 replication module elements.
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oriV are adjacent to one another in both pXF-RIV11 and pVEIS01, some IncP-1 plasmids have accessory modules inserted at this locus (5) . These observations suggest that this same locus in pXF-RIV11, pVEIS01, and shuttle vector derivatives may be used to insert foreign sequences.
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